at 65 000 seeds ha Ϫ1 and thinning to a constant plant density.
to decreased bareness of newer cultivars. Improvement Mean plant density of trials varied from 51 900 to 59 800 plants for resistance to root and stalk lodging has occurred to ha Ϫ1 . Other management practices were similar to corn propermit machine harvesting. Newer cultivars are superior duction practices of the surrounding area.
to older cultivars regardless of soil fertility level (CasAt harvest, one row was stripped of ears. Forage moisture tleberry et al., 1984; Duvick, 1984) . and kernel milkline was assessed to provide an estimate of Concepts of nutritive value of corn forage reflect ruplant development (Wiersma et al., 1993) . Each row was meminant requirements. Desirable forage characteristics chanically harvested using a one row, tractor mounted forage include high dry matter yield, high protein concentrachopper (New Holland 707, New Holland, PA) and measured tion, high energy concentration (high digestibility), high for yield. A 1-kg subsample was collected for moisture and intake potential (low fiber concentration), and optimum quality measurements. Samples were ground to pass through dry matter concentration at harvest for acceptable fora 1 mm screen.
The near infra-red reflectance spectroscopy (NIRS) broad age fermentation and storage (Carter et al., 1991) . The based prediction equations for determining forage composimost limiting constraint on nutritional value of corn tion were developed through evaluations of a large number forage is low protein concentration, and feed rations of corn cultivars by the corn breeding project and the corn usually require a nitrogen supplement to satisfy rumen agronomy program in the UW Department of Agronomy durmicrobial requirements. Forage yields have increased ing 1992, 1993, 1995, and 1996 . Replicated forage trials were at the rate of 0. provement. The objective of this study was to describe
Each year, all samples were scanned using a NIRSystems 6500 near-infrared reflectance spectrophotometer (Marten et forage yield and quality changes of representative cultial., 1985) .
vars used by northern Corn Belt farmers since 1930.
Standard NIRS procedures were used to select calibration sets for broad based prediction equations for wet laboratory
MATERIALS AND METHODS
analyses (Martens and Naes, 1989; Shenk and Westerhaus, 1991; 1994) . Samples (0.75 g) from each calibration set were The corn cultivars used for this research were chosen on analyzed for neutral detergent fiber, acid detergent fiber, in the basis of the era in which they were developed, the amount vitro true digestibility, and crude protein. A modification to of use in the northern Corn Belt, and current availability the neutral detergent fiber procedure was the treatment of (Table 1) . The cultivars were divided into early-and latesamples with 0.1 ml of alpha-amylase during refluxing and maturity classes based on whether they had relative maturities again during sample filtration (Mertens, 1991) . Total nitrogen greater than or less than 100 d relative maturity. Open-polliwas determined using a Leco Model 428 nitrogen analyzer nated cultivars were obtained originally either from the Plant (Dumas method). Crude protein was calculated by multiplying Introduction Center at Ames, IA or from the University of total nitrogen (Bremner and Breintenbeck, 1983 ) by 6.25. All Wisconsin. Seed supplies for open-pollinated cultivars were compositional data were calculated on a dry matter basis. increased by sib pollinating at least 100 plants and compositing Duplicate 0.25-g samples were used to determine in vitro true equal quantities of seed from each plant within each populadigestibility by a modification of the method of Goering and tion. Public double-cross, three-way, and single cross cultivars Van Soest (1971) . The 48-hour fermentation was performed were developed from inbreds that have been maintained at in centrifuge tubes (Tilley and Terry, 1963 ; Marten and Barnes, the University of Wisconsin. Potential public cultivars were 1980; with inoculum enrichment of Craig et al., 1984) , except first chosen based on a review of production records of the that buffer and mineral solutions were as described by Goering UW Foundation Seeds Program and the Wisconsin Crop Imand Van Soest (1971) . After removal from the incubator, tubes provement Association, and the most popular cultivars in a were placed in a freezer. Undigested residue was subjected given era were identified. The University of Wisconsin had to the NDF procedure as described previously. an active inbred development and cultivar corn-breeding pro-
The calibration sets from 1992, 1993, 1995, and 1996 were gram that started in the late 1920s, and several of the inbreds combined in order to provide a single broad based calibration developed by this program were widely used in cultivars grown set for forage composition. Stover prediction equations were throughout the northern Corn Belt. If parental inbreds used based on calibrations performed in 1992 and 1993 because for production of popular cultivars were still available, then broad based stover evaluations were discontinued in subsethe cultivars were remade in the UW field corn breeding quent years. From the data obtained in the laboratory, predicnursery in 1995 and 1996. For the most modern era, 1991 to tion equations were developed relating NIR wavelengths to 1998, commonly used commercial cultivars were chosen, and each of the quality variables (Shenk and Westerhaus, 1991 , commercial seed lots available in 1997 were used 1994 . Criteria used to select equations were high coefficients for evaluation.
of multiple determination and low standard errors of calibraThe experimental design of each trial at each location was tion and cross validation. Modified partial least square (PLS) a randomized complete block with three replicates. Plots conanalyses were used to determine the wavelengths to include sisted of two rows 7.6 m long and 0.76 m apart. To reduce in calibrations (Martens and Naes, 1989) . Statistics relating to microclimatic and competitive influences from adjacent plots, NIRS prediction are provided in Table 2 . cultivars were divided into early-and late-maturity trials.
Neutral detergent fiber concentration and in vitro true diEarly-trials were located near Arlington, Fond du Lac, and gestibility were used to calculate cell wall digestibility (Van Marshfield, and late-trials were located near Arlington, Fond du Lac, and Lancaster, WI. Plots were established by seeding Soest, 1982) by the following equation: significant (P Յ 0.05). ‡ SEC ϭ standard error of calibration. § SEV(C) ϭ standard error of cross-validation.
RESULTS AND DISCUSSION
Cell wall digestibility A significant change in cultivar development occurred ϭ {[NDF Ϫ (100 Ϫ IVTD)]/NDF} ϫ 100
[1] in the 1960s when farmers grew cultivars at higher plant densities to take advantage of higher rates of fertilizer
The calculated performance indices of bovine Milk Mg Ϫ1 (kg (Duvick and Cassman, 1999) . In general, as plant density further confirmed by the narrow range in kernel development and harvest moistures of era groups where forincreases, forage yield and NDF concentration increase, and digestibility decreases (Graybill et al., 1991; Pinter age moisture ranged from 29 to 63 g kg Ϫ1 and kernel milkline ranged from 10 to 20% kernel milk (data not et al., 1994; Cuomo et al., 1998) . For the production practices used in this study, all cultivars were shown). More recent era groups produced higher forage yields grown at the same plant density of approximately 55 000 plants ha
Ϫ1
, which was intermediate to modern recomthan older era groups, with the exception of the latematurity 1961-1975 group. More recent corn cultivars mendations and the practices used when farmers grew open pollinated cultivars between 1900-1930. Our intent showed a consistent improvement in yield over older corn cultivars in this study. The apparent yearly rate of was to grow cultivars at a similar population in order to assess genetic changes occurring for yield and quality.
forage yield increase due to genetic improvement was positive and characterized by high coefficients of deterMean forage yield and quality performance of all cultivars for 1997 and 1998 is shown in Table 1 . Cultivar mination ( Fig. 1 and Table 4 ). Forage yield has increased 0.128 to 0.164 Mg ha Ϫ1 yr Ϫ1 since 1930 depending upon effects were significant for all forage yield and quality measures. Lowest forage yield, in vitro true digestibility, trial maturity. Stover dry matter yield has increased at a slower rate of 0.043 to 0.054 Mg ha Ϫ1 yr Ϫ1 . Forage, and greatest acid detergent and neutral detergent fiber concentration were found in open-pollinated cultivars, stover and ear yield have increased from 1930 levels at the rate of 1.4, 0.7 and 2.4% yr Ϫ1 , respectively. Other while converse levels for these variables were found in modern cultivars. For example, the older open-polliworkers have reported forage yield increases of 0.5% yr Ϫ1 (Meghji et al., 1984) and Ϫ0.1 to 0.6% yr Ϫ1 or Ϫ0.02 nated cultivar, "Silver King," produced a forage yield of 7.9 Mg ha Ϫ1 and the more recent cultivar, "Pioneer to 0.08 Mg ha Ϫ1 yr Ϫ1 (Barriere et al., 1987 . Cultivar development differences can be estimated using kernel milkline gent and neutral detergent fiber concentrations have been shown to be inversely related to corn forage digestand forage moisture. The range in kernel development was 60 and 20% kernel milk for the early-and lateibility (Roth et al., 1970; Crasta et al., 1997) . Likewise, in this study, forage acid detergent fiber concentration trials. The range in forage harvest moisture was 78 and 137 g kg Ϫ1 for the early-and late-trials. In Wisconsin has decreased 0.544 to 0.698 g kg Ϫ1 yr Ϫ1 and neutral detergent fiber concentration has decreased 0.825 to 0.948 environments, forage moisture decreases about 5 g kg Ϫ1 d Ϫ1 during September, while kernel milk decreases about g kg Ϫ1 yr Ϫ1 ( Fig. 1 and Table 4 ). Forage in vitro true digestibility has increased 0.538 to 0.612 g kg Ϫ1 yr Ϫ1 25% every 6 to 7 d (Wiersma et al., 1993) . Cultivar effects were significant for all stover yield since 1930. No change was observed for forage cell wall digestibility indicating that little digestibility improveand quality measurements, except stover in vitro true digestibility (Table 3 ). The range in stover moisture was ment has taken place over time in the stover portion of the plant in U.S. cultivars grown in the northern Corn 119 and 112 g kg Ϫ1 for the early-and late-maturity trials. The maturity range in these cultivars was small
Belt. This was confirmed by the stover quality data. Stover quality effects, where significant, went in oppoenough to allow meaningful comparisons of yield without undue concerns about maturity effects. This was site directions compared to forage quality effects (Fig. (1930 ϭ 0) . Table 4 .
1 and Table 4 ). In the early-trials, neutral detergent Averaging data across all trials (data not shown), corn forage yield has increased over time at the rate of 0.15 Mg fiber concentration of stover increased over time at the rate of 0.296 g kg Ϫ1 yr
. In the late-trials, stover in vitro ha Ϫ1 yr Ϫ1 (R 2 ϭ 0.90) with stover yields increasing at the rate of 0.048 Mg ha Ϫ1 yr Ϫ1 (R 2 ϭ 0.93). Forage crude true digestibility decreased 0.166 g kg Ϫ1 yr
. The most likely reason why little change has occurred to stover protein concentration has not changed significantly since 1930. Over time, forage neutral detergent fiber concenquality over time is lack of attention by breeders for stover improvement. It is easier for breeders to select tration has decreased 0.89 g kg Ϫ1 yr Ϫ1 (R 2 ϭ 0.81), while forage in vitro digestibility increased 0.58 g kg Ϫ1 yr
for yield or quality improvement, but difficult to breed for both.
(R 2 ϭ 0.82). Stover neutral detergent fiber concentration and in vitro digestibility have not changed over time. Forage quality predicted using the animal response model of Milk Mg Ϫ1 forage has improved at the rate of Overall forage quality, as measured using Milk Mg
forage, has improved at the rate of 3.0 kg milk Mg 2.76 to 3.15 kg milk Mg Ϫ1 yr Ϫ1 ( Fig. 1 and Table 4 ). When combined with forage yield increases over time, forage yr Ϫ1 (R 2 ϭ 0.82), and when combined with yield increases over time has resulted in a gain of 156 kg milk corn forage Milk ha Ϫ1 has increased 132 to 179 kg milk ha Ϫ1 yr
. h a Ϫ1 yr Ϫ1 (R 2 ϭ 0.92).
